Introduction
Protein Phosphatase 2A (PP2A) is a serine/threonine phosphatase that regulates dephosphorylation of many proteins and is a tumour suppressor controlling cell signalling and growth (Janssens and Goris, 2001; Cohen, 2004; Junttila et al., 2007) . The PP2A holoenzyme is composed of three subunits: the scaffold, catalytic and regulatory subunits. In Drosophila melanogaster, the scaffold and catalytic subunits are each encoded by a single gene but the regulatory subunits are encoded by five genes (Mayer-Jaekel et al., 1992; Snaith et al., 1996) . The regulatory subunits fall into three structurally distinct groups: B, B 0 and B 00 subunits. The regulatory subunits B and B 00 are encoded by twins and CG4733, respectively (Uemura et al., 1993; Li et al., 2002) . The B 0 regulatory subunits are encoded by three genes: widerborst, PP2A-B 0 and CG32568 (Andrews et al., 2000; Berry and Gehring, 2000; Hannus et al., 2002) . Phosphorylation has been proposed to regulate the activity of a number of homeodomain (HD)-containing transcription factors in a variety of model organisms from plants to mammals (Jaffe et al., 1997; Dong and Krause, 1999; Berry and Gehring, 2000; Adachi and Lewis, 2002; Himmelbach et al., 2002; Vijapurkar et al., 2004; Chen et al., 2005; Taghli-Lamallem et al., 2008) . And some of these transcription factors are proposed to be dephosphorylated by PP2A (Berry and Gehring, 2000; Vijapurkar et al., 2004) myeloid differentiation, and PP2A dephosphorylates and activates HOXA9 for murine leukemia development (Vijapurkar et al., 2004) . A PP2A holoenzyme containing the PP2A-B 0 regulatory subunit is proposed to activate Drosophila Sex combs reduced (SCR) by dephosphorylating the N-terminal arm of the SCR HD (Berry and Gehring, 2000) . SCR is a HOX transcription factor required for the formation of the first thoratic and labial segments during embryogenesis and metamorphosis (Mahaffey and Kaufman, 1987; LeMotte et al., 1989) . The interaction of SCR through its HD with specific DNA binding sites regulates the expression of downstream genes (Hueber et al., 2007) , and one, well-studied, SCR-regulated, downstream gene, forkhead, is required for salivary gland formation (Panzer et al., 1992; Joshi et al., 2007) . To further test the hypothesis that a PP2A holoenzyme containing the regulatory subunit PP2A-B 0 dephosphorylates and activates SCR activity, we generated a null mutation in the PP2A-B 0 gene but found no evidence for a role of PP2A-B 0 in the activation of SCR activity.
Results

2.1.
PP2A-B 0 is dispensable for development FLP-mediated, site-specific recombination was used to create two deletions of the PP2A-B 0 locus (Fig. 1 (Lewis et al., 1980a; Sivanantharajah and Percival-Smith, 2009 ). Relative to wild type, PP2A-B 0D mutants showed no significant decrease in the sex comb bristles number (P = 0.996) ( Table 1) (Fig. 2) . In Scr mutants, the proboscis is transformed to a maxillary palp and all the pseudotracheal rows are lost (Lewis et al., 1980b; Struhl, 1982) . The number of pseudotracheal rows did not decrease in PP2A-B 0D mutants (P = 0.994) (Fig. 2) . In Scr null mutants, the salivary glands do not form (Panzer et al., 1992) . The 111 ± 2 larval salivary gland nuclei in a PP2A-B 0D mutant
were not significantly lower than 113 ± 3 (P = 0.280) found in wild type. Overall, the PP2A-B 0 D allele had no effect on the formation of SCR-dependent body parts (Fig. 2 ). tic cycle and apoptosis (Li et al., 2002; Chen et al., 2007) , it is possible that PP2A holoenzymes containing other regulatory subunits dephosphorylate and activate SCR. Because wdb null alleles are cell lethal and tws null alleles are lethal (Hannus et al., 2002; Uemura et al., 1993) , we tested whether a reduction in the number of sex comb bristles and the number of pseudotracheal rows would be detected when PP2A-B 0 activity was removed along with a reduction in wdb and/or tws expression. Two deficiencies encompassing either the tws gene or wdb gene were recombined onto a chromosome containing PP2A-B
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0D
. In all cases no decrease in the number of sex comb bristles and number of pseudotracheal rows was observed (Table 1) . Indeed most surprisingly, a significant increase in the number of sex combs bristles in PP2A-B 0D mutants was observed when one copy of tws or wdb was removed, and when both a copy of tws and wdb were removed (P = 0.005, 0.001, P < 0.001, respectively). Clearly, PP2A holoenzymes containing either TWS or WDB are not compensating for the lack of PP2A-B 0 activity in dephosphorylation and activation of SCR.
Ectopic sex comb formation
Ectopic expression of SCR in the second and third imaginal discs results in the formation of ectopic sex combs on the second and third legs (Dura and Ingham, 1988; Pattatucci and Kaufman, 1991) . Loss of one copy of PP2A-B 0 is suggested to result in fewer ectopic sex combs because a greater proportion of SCR is phosphorylated and inactive (Berry and Gehring, 2000) . We tested this hypothesis with the PP2A-B 0 D allele. To ectopically express SCR, Berry and Gehring (2000) used the ph 410 allele, a member of the Polycomb group genes that are required for repression of SCR expression; however, we found that ph 410 in our hands gave a low number of ectopic sex combs on the second leg (Table 2) . Therefore, ectopic sex comb formation was also assayed with the Scr Msc allele that results in a higher number of ectopic sex combs. The Scr Msc allele is an inversion that disrupts and inactivates the Scr gene, but that in trans to a Scr + allele activates expression of the Scr + allele in the second and third imaginal leg discs (Pattatucci and Kaufman, 1991) . In the original observation (Berry and Gehring, 2000) , a deficiency that lacked PP2A-B 0 (Df(3R)P14) resulted in fewer ectopic sex combs on the second leg than the lack of a deficiency or the presence of an overlapping deficiency that did not delete PP2A-B 0 (Df(3R)DG4). Because of the low number of ectopic sex combs in ph
410
, we were unable to repeat this observation, but were able to repeat it with Scr Msc (Table 2) . Significantly fewer sex combs form on the second leg in Scr Msc males that carried the Df(3R)P14 (P = 0.027). In addition, overlapping deletions with breakpoints defined on the physical map were analyzed. Df(3R)Exel6178 in which 
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0 is deleted resulted in fewer ectopic sex combs (P < 0.001); whereas, Df(3R)BSC509 which retains PP2A-B 0 was not significantly different from the presence of no deficiencies (P = 0.163). However, the number of ectopic sex combs on the second leg of ph 410 and Scr Msc male flies that carry Df(3R)PP2A-B 0 -CG7208 and PP2A-B 0D alleles were not significantly different from the control (P = 0.974, 0.648, respectively in Scr Msc flies). In addition, reduction in the expression level of either microtubule star (mts), which encodes the PP2A catalytic subunit, or genes that encode other PP2A regulatory subunits did not reduce the number of ectopic sex comb bristles but rather the trend was toward an increase in the number of ectopic sex combs (Table 2 ). There is no evidence that PP2A-B 0 activates SCR activity for ectopic sex comb formation.
Discussion
Analysis of the phenotype of a PP2A-B 0 gene deletion allele,
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0D
, clearly showed that a PP2A holoenzyme containing the PP2A-B 0 regulatory subunit does not dephosphorylate and activate SCR activity required for the formation of larval salivary glands, adult sex comb bristles, adult pseudotracheal rows, and ectopic sex comb bristles. No evidence was found for a role of PP2A holoenzyme in activating SCR for formation of sex comb bristles; indeed, the genetic analysis of redundancy suggests that PP2A activity may have the opposite role of suppressing sex comb formation (Table 1) . Although this study rules out a role for PP2A-B 0 in dephosphorylation and activation of SCR, the study did not directly address whether the SCRHD is phosphorylated or not, and therefore, cannot rule out phosphorylation/dephosphorylation of the residues in the N-terminal arm of the SCRHD by a distinct enzymatic mechanism may regulate SCR activity. Berry and Gehring (2000) were screening for a protein that interacts with the N-terminal arm of the SCR homeodomain, because the N-terminal arm determines functional specificity of SCR (Furukubo-Tokunaga et al., 1993; Zeng et al., 1993) . Six lines of evidence suggest that a PP2A holoenzyme containing PP2A-B 0 dephosphorylates and activates SCR. First, a fragment of PP2A-B 0 was identified in the yeast two-hybrid screen to interact specifically with the N-terminal arm of SCR; however, a subsequent systematic screen of the Drosophila proteome did not detect the SCR-PP2A-B 0 interaction suggesting that the interaction of the PP2A-B 0 fragment with the SCR N-terminal arm may be an artefact (Giot et al., 2003) . Second, in vitro, an N-terminal arm peptide is phosphorylated by protein kinase A, and dephosphorylated by the PP2A catalytic subunit. Third, SCR is a phosphoprotein in COS-1 mammalian tissue culture cells; however, the technically difficult analysis to directly demonstrate phosphorylation of the N-terminal arm of the SCR HD was not performed; therefore, the N-terminal arm of the SCR HD may not be phosphorylated in vivo. Fourth, changing the serine and threonine residues in the N-terminal arm to aspartic acid to mimic constitutive phosphorylation resulted in a SCRHD that could not bind to DNA and a SCR protein that could not induce ectopic T1 beards and salivary glands. However, the N-terminal arm of the HD is required for DNA binding (Percival-Smith et al., 1990; Tayyab et al., 2004) ; therefore, although substitution of the serine and threonine residues with aspartic acid results in an inactive homeodomain and an inactive SCR protein, the aspartic acid may just be interfering with DNA binding rather than mimicking constitutive phosphorylation of SCR. Fifth, large chromosomal deficiencies lacking PP2A-B 0 did not develop salivary glands and suppressed ectopic sex comb formation. The genetic analysis with large chromosomal deficiencies containing or deleting the PP2A-B 0 locus may be detecting the role of other genes encompassed by these deficiencies for salivary gland formation and suppression of ectopic sex comb formation. Sixth, an RNAi molecule targeting the PP2A-B 0 mRNA suppressed salivary gland formation. This result may be an example of an off target effect where a mRNA transcribed from another gene required for salivary gland formation is also degraded by the presence of this RNAi molecule (Kulkarni et al., 2006; Ma et al., 2006 (Parks et al., 2004) . PCR was used to confirm the structure of the chromosomal deletions. Standard Drosophila crosses were used to recombine the deficiencies Df(3R)ED6265 and Df(3R)ED5474 with PP2A-B
. Because the two deficiencies and PP2A-B 0 D are marked with mini-white genes, F2 males were screened for dark eye color and subsequently the presence of the deficiency and PP2A-B 0D were confirmed by PCR.
Phenotypic analysis
For scanning electron microscopy, flies were dehydrated in ethanol, critical point dried and sputter gold coated. Images were collected on a Hitachi 3400 N VP scanning electron microscopy (Biotron imaging unit, The University of Western Ontario). To count the number of larval salivary gland nuclei, salivary glands were dissected in Drosophila Ringers solution, fixed in PBS containing 4% formaldehyde for 20 min and the DNA stained with DAPI. To count the number of ectopic sex combs bristles, second legs were mounted on slides in 50% Hoyer's mountant/50% lactic acid (Wieschaus and Nü ssleinVolhard, 1986 ).
Statistical analysis
Data were statistically analyzed using SPSS v.16.0 (Statistical Package for the Social Sciences; SPSS Inc. 2007). Formation of the sex comb bristles on the male first legs and ectopic sex combs on the second leg of Scr Msc males were analyzed with one-way Analysis of Variance (ANOVA). Multiple pair-wise comparisons were made using a Tukey test. Analysis of ectopic sex comb bristle formation on the second leg of ph 410 males was performed using a Kruskal-Wallace test; followed by multiple pair-wise comparisons using a Dunnett T3. The numbers of salivary gland nuclei were analyzed using one-way ANOVA.
